US011069815B2

a2 United States Patent

ao) Patent No.: US 11,069,815 B2

Park et al. 45) Date of Patent: Jul. 20, 2021
(54) RADIATION HARDENED THIN-FILM (56) References Cited
TRANSISTORS
U.S. PATENT DOCUMENTS
(71)  Applicant: Auburn University, Auburn, AL (US) 0170222027 AL* 82017 Kim ... HOLL 29/7869
N !
(72) Inventors: Minseo Park, Waverly, AL (US); 2018/0342623 AL® 1U2018 Chin oo HOLL 29/78603
Michael C. Hamilton, Auburn, AL
° ° FOREIGN PATENT DOCUMENTS
(US); Shigiang Wang, Draper, UT
(US); Kosala Yapa Bandara, Hillsboro,  Jjp 2014125820 * 82014 ... HO1L 29/78696
OR (US)
. . . OTHER PUBLICATIONS
(73) Assignee: Auburn University, Auburn, AL (US)
Khanal et al.; Electric and optical characteristics of gamma-ray
(*) Notice:  Subject to any disclaimer, the term of this irradiated Al1GaN/GaN high electron mobility transistors; Journal of
patent is extended or adjusted under 35 Vacuum Science & Technology B 35,03D107 (2017); doi: 10.1116/
U.S.C. 154(b) by 33 days. 1.4979976; View online: https://doi.org/10.1116/1.4979976; Ameri-
can Vacuum Society.
(21) Appl. No.: 16/457,284 (Continued)
(22) Filed: Jun. 28, 2019 Primary Examiner — Caleen O Sullivan
. .. (74) Attorney, Agent, or Firm — Ryan J. Letson; Stephen
(65) Prior Publication Data H. Hall; Bradley Arant Boult Cummings LLP
US 2020/0027989 Al Jan. 23, 2020
57 ABSTRACT
Related U.S. Application Data A thin-film transistor comprises an annealed layer compris-
60) Provisional application No. 62/691.987. filed on Jurl. ing crystalline zinc oxide. A passivation layer is adjacent to
(60) 2;0\;(5)1105;1 A application 1o 2o Hed on il the thin-film transistor. The passivation layer has a thickness
’ ’ and material composition such that when a dose of radiation
p
(51) Int.CL from a radiation source irradiates the thin-film transistor, a
HOIL 29/786 (2006.01) portion of the dose that includes an approximate maximum
HOIL 21477 (2006.01) concentration of the dose is located within the annealed
. layer. The annealed layer has a thickness and threshold
(Continued) Y Y
5y US. Cl displacement energies after it has been annealed such that:
(2) US. Cl. a) a difference between a transfer characteristic value of the
CpC 2 Ollgo(flll .2 191/07529 2&32;;0213’1 3HO0 lIL 12{10/;2 thin-film transistor before and after the dose is less than a
( 01); P 1/(7 686 8 2)(’) 13.01 first threshold; and b) a difference between a transistor
. . . ( 01) output characteristic value of the thin-film before and after
(58) Field of Classification Search the dose is less than a second threshold. The thresholds are

CPC

.. HO1L 29/7869; HO1L 21/76868; HO1L
21/42; HO1L 21/477; HO1L 21/02595;

(Continued)

Source

based on a desired performance of the thin-film transistor.

12 Claims, 27 Drawing Sheets

58\

Detector

34 S

Drain |4

n0

13\

Si0,

p -Si

Metallic Support




